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Respiratory System 


Copyright © McGraw-Hill Education. Permission required for reproduction or display. 


ae eS SS 


Functions 


Gas exchange 
Regulation of blood pH 
Voice Production 
Olfaction 

Innate Immunity 
Ventilation 


Upper Respiratory Tract 


e External nose 
e Nasal cavity 


e Pharynx 


Nasal cavity 


(a) 


Larynx 
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Cribriform plate 


Superior concha 
Middle concha 


Inferior concha 
Vestibule 
Naris 


Hard palate 
Oral cavity 


Tongue 
Palatine tonsil 


Lingual tonsil 


Hyoid bone 
Epiglottis 
Vestibular fold 


Vocal fold 
Thyroid cartilage 


Cricoid cartilage 


Trachea 


Frontal sinus Paranasal 
Sphenoidal sinus | sinuses 


Superior meatus 
Middle meatus 


Inferior meatus 
Choana 


Nasal cavity 


Pharyngeal tonsil 
Opening of auditory tube 
Nasopharynx 
Soft palate 
Uvula 
Fauces 
Oropharynx 


Pharynx 


Laryngopharynx 


Esophagus 


Medial view 5 
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Lower Respiratory Tract 


e Larynx 
e Trachea 
e Bronchi 


e Lungs 


Lungs 


Primary organ of respiration 
Cone shaped 

Rest on diaphragm 

Right lung has 3 lobes 

Left lung has 2 lobes 


Contains many air passageways 
(divisions) 


SS a I 


Air Passageways of Lungs 


Primary bronchi 

Lobar (Secondary) bronchi 

Segmental (tertiary) bronchi 

Bronchioles 

Terminal bronchioles 

Respiratory bronchioles 

Alveolar ducts 

Alveoli 

Structures become smaller and more 
numerous from primary bronchi to alveoli 


Rt. and Lt. Lungs 
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Right Lung 


Superior lobe Middle lobe Inferior lobe 


Horizonta Oblique 
l fissure 
fissure 
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Left Lung 


Superior lobe Horizontal Inferior lobe 
fissure 
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Cardiac Impression 
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Pulmonary Circulatıon 


Pulmonary trunk Lt. Pulmonary artery Lt. Lung 
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Lt. Pulmonary veins 


Copyright © McGraw-Hill Education. Permission required for reproduction or display. 


Copyright © McGraw-Hill Education. Permission required for reproduction or display. 


Larynx 


Trachea 
Air passageways 
decrease in size 
but increase 
in number. 


Carina 


Visceral pleura 


Parietal pleura 


KETEEDITIITT: 


Pleural cavity 


ur 


Main (primary) 


Mai i b h 
ain (primary) bronchus bronchus 


Lobar (secondary) 


Lobar (Secondary) bronchus 


bronchus 


Segmental (tertiary) Segmental (tertiary) 


bronchus bronchus 
Bronchiole 
Bronchiole 

Don | To terminal bronchiole 
(see figure (see figure 23.7) 
23.7) 
Diaphragm 

Anterior view 
(a) 
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Please update to 9e copyright for Figure 15.6 
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Superior lobe 


Hilum Hilum 


Horizontal fissure 


Pulmonary Cardiac impression 
Middle lobe veins Cardiac notch 
Inferior lobe r i 
Oblique fissure 
Oblique fissure K 
Right lung Left lung 


Medial views 
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Lungs Continued 


s Alveoli: 
- small air sacs 
- where gas exchange occurs 
- surrounded by capillaries 
- 300 million in lungs 


s Asthma attack: 


contraction of terminal bronchioles leads to 
reduced air flow 
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Smooth muscle 


Bronchial vein, artery, and nerve 


Branch of pulmonary artery 


Deep Iymphatic vessel 


Terminal bronchiole 


Alveolus 
Respiratory bronchioles 


Alveolar ducts Superficial lymphatic vessel 


Alveoli Lymph nodes 
Alveolar sacs 


Connective 


tissue a 
Pulmonary capillaries 


Visceral pleura 


Pleural cavity Branch of pulmonary vein 


Parietal pleura 
Elastic fibers 
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Respiratory Membrane 


In lungs where gas exchange between air 
and blood occurs 


Formed by walls of alveoli and capillaries 


Alveolar ducts and respiratory bronchioles 
also contribute 


Very thin for diffusion of gases 


Layers of Respiratory Membrane 


e Thin layer of fluid from alveolus 

e Alveolar epithelium (simple squamous) 

e Basement membrane of alveolar 
epithelium 

e Thin interstitial space 


e Basement membrane of capillary 
endothelium 


s Capillary endothelium (simple squamous) 


Copyright © McGraw-Hill Education. Permission required Tor reproduction or display. 


Type Il pneumocyte 
(surfactant- 


ti Il 
Macrophage secreting cell) 


Air space 
within 

alveolus 
Nucleus 


Mitochondrion 


Type | pneumocyte 


Pulmonary capillary 
endothelium (wall) 


Red blood cell 


Alveolar fluid 
(with surfactant) 


Alveolar epithelium 


Basement membrane of 
alveolar epithelium Respiratory 


Interstitial space membrane 


Basement membrane of 
capillary endothelium 


Pulmonary capillary 
endothelium 


Diffusion of O, 
Diffusion of CO, 


Red blood cell 


Copyright © McGraw-Hill Education. Permission required for reproduction or display. 


Alveolar 
epithelium 
(wall) 


Pleural Membranes and Cavities 


Pleura: 

double-layered membrane around lungs 
Parietal pleura: 

membrane that lines thoracic cavity 
Visceral pleura: 

membrane that covers lung’s surface 
Pleural cavity: 

Space around each lung 
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Pleural Membranes 


Copyright © McGraw-Hill Education. Permission required for reproduction or display. 


Parietal and Visceral Pleurae 
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Vertebra 
Esophagus 

Right lung Left lung 
Right main Parietal pleura 
bronchus Pleural cavity 
Right pulmonary 
artery Visceral pleura 
Right pulmonary 
vein 


Fibrous pericardium 


Pulmonary trunk Parietal pericardium 


Heart Pericardial cavity 


Visceral pericardium 


Sternum 


Superior view 


Copyright © McGraw-Hill Education. Permission required for reproduction or display. 


Ventilation 


s What is it? 
- breathing 
- process of moving air in and out of lungs 
- uses diaphragm: skeletal muscle that 
separates thoracic and abdominal cavities 
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Diaphragm 
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Diaphragm 
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Phrenic Nerve - Diaphragm 
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Phases of Ventilation 


e Inspiration: 
- breathe ın 
- uses external intercostal muscles 


e Expiration: 


- breathe out 
- uses Internal intercostal muscles 


Copyright © McGraw-Hill Education. Permission required for reproduction or display. 


29 


External Intercostals 


External Intercostals 


Insertions 
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Internal Intercostals 
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End of End of 
expiration inspiration 
Quiet breathing: Labored breathing: 
Sternocleidomastoid the external additional muscles 
intercostal contract, causing 


muscles contract, 
elevating the 
ribs and moving 


additional expansion 


Scalenes of the thorax. 


Clavicle the sternum. 
(cut) 
Muscles 
of : 
inspiration | Pectoralis 
minor 
Internal 
External intercostals 
intercostals Muscles 
ies Abdominal 
Diaphragm Abdominal muscles 
muscles relax. 
(a) Diaphragm (b) The diaphragm contracts, 
relaxed increasing the superior-inferior 


dimension of the thoracic cavity. 
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Pectoralis Minor 
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Pectoralis Minor 


Insertion 
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Sternocleidomastoid 
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Sternocleidomastoid 
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Scalenes 
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Internal Intercostals 
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Lateral Abdominal Muscles 


External Abdominal Internal Abdominal Transverse Abdominis 
Oblique Oblique 
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Internal Abdominal Oblique & 
Transversus Abdominis 
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Rectus Abdominis 


Tendinous 
intersections Linea alba Insertions 
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Rectus Abdominis 
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Pressure Changes and Air Flow 


e When thoracic cavity volume increases 
pressure decreases. 


e When thoracic cavity volume decreases 
pressure increases. 


e Air flows from areas of high to low pressure. 
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Inspiration 


Diaphragm descends and rib cage expands 


Thoracic cavity volume increases, pressure 


decreases 


Atmospheric pressure is greater than 
(high) alveolar pressure (low) 


Air moves into alveoli (lungs) 
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Expiration 


Diaphragm relaxes and rib cage recoils 


Thoracic cavity volume decreases, pressure 


increases 


Alveolar pressure is greater than (high) 
atmospheric pressure (low) 


Air moves out of lungs 
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Atmospheric pressure 


End of expiration 


No air 
movement 


Alveolar pressure 
equals atmospheric 
pressure. 


Diaphragm 


© At the end of expiration, alveolar pressure is 
equal to atmospheric pressure, and there is 
no air movement. 


Atmospheric pressure 


End of inspiration 


No air 
movement 


Alveolar pressure 
equals atmospheric 
pressure. 


(3) At the end of inspiration, alveolar pressure is 


equal to atmospheric pressure, and there is no 
air movement. 


Atmospheric pressure 


Thorax 
expands. 


Air moves in. 


Alveolar pressure 
is less than 
atmospheric pressure. 


\ 


Diaphragm 
contracts. 


Rib 9 


(2) During inspiration, increased thoracic 
volume results in increased alveolar volume 
and decreased alveolar pressure. 
Atmospheric pressure is greater than 
alveolar pressure, and air moves into the 
lungs. 


Atmospheric pressure 


During expiration 


Thorax 


k Air moves out. 
recoils. 


Alveolar pressure 
is greater than 
atmospheric pressure. 


N 


Diaphragm 
relaxes. 


Rib 9 


© During expiration, decreased thoracic 
volume results in decreased alveolar 
volume and increased alveolar pressure. 
Alveolar pressure is greater than 
atmospheric pressure, and air moves out of 
the lungs. 
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During inspiration 


Lung Recoil 


e What is it? 
- tendency for an expanded lung to 
decrease in size 
- occurs during quiet expiration 
- due to elastic fibers and thin film of fluid 
lining alveoli 
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Surfactant 
What is it? 
- mixture of lipoproteins 
- produced by secretory cells of alveoli 
- single layer on surface of thin fluid lining 
alveoli 
- reduces surface tension 
- keeps lungs from collapsing 
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Pleural Pressure 


e What is it? 
- pressure in pleural cavity 
- less than alveolar pressure 
- keep alveoli from collapsing 
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Factors that Influence 
Pulmonary Ventilation 
e Lung elasticity: 
- lungs need to recoil between ventilations 
- decreased by emphysema 
e Lung compliance: 
- expansion of thoracic cavity 
- affected if rib cage is damaged 
e Respiratory passageway resistance: 


occurs during an asthma attack, infection, 
tumor 51 


Pulmonary Volumes 


s Spirometer: 


device that measures pulmonary 
volumes 


e Tidal volume (TV): 


volume of air inspired and expired during 
quiet breathing 


s Inspiratory reserve volume (IRV): 


volume of air that can be inspired 
forcefully after a normal inspiration 
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e Expiratory reserve volume (ERV): 


volume of air that can be expired forcefully 
after anormal expiration 


e Residual volume (RV): 


volume of air remaining in lungs after a max. 
expiration (cant be measured with spirometer) 
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e Vital Capacity (VC): 
- max. amount of air a person can expire 
after a max. inspiration 
VC = IRV + ERV + TV 


s Total lung capacity (TLC): 
TLC = VC + RV 


Volume (mL) 


6000 


5000 


4000 


3000 


2000 


1000 
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Maximum Volumes 
inspiration 


Maximum 
expiration 


Time ———~ 
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Capacities 


Factors that Influence Pulmonary Volumes 


e Gender 
s Age 

e Height 
e Weight 
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Gas Exchange 
Respiratory membrane: 
where gas exchange between blood and 
alr occurs 
primarily alveoli 
some in respiratory bronchioles and 
alveolar ducts 
does NOT occur in bronchioles, bronchi, 
trachea 
influenced by thickness of membrane, total 
area of membrane. partial pressure of gases 


Respiratory Membrane Thickness 


e Increased thickness decreases rate of 
diffusion 


e Pulmonary edema decreases diffusion 
e Rate of gas exchange is decreased 


e O, exchange is affected before CO, 
because CO, diffuse more easily than O, 


Surface Area 


e Total surface area is 70 square meters 
(basketball court) 


e Decreased due to removal of lung tissue, 
destruction from cancer, emphysema 
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Partial Pressure 


e What is it? 
- pressure exerted by a specific gas ina 
mixture of gases 
- Ex. Total pressure of all gases is 760 
(mm Hg) and 21% of mixture is O, then 
partial pressure for O, is 160 mm Hg 
- symbol is P and gas (Po,) 


Diffusion of Gases in Lungs 


Cells in body use O, and produce CO, 


Blood returning from tissues and entering 
lungs has a decreased Po, and increased 
Pco, 

O, diffuses from alveoli into pulmonary 
capillaries (blood) 


CO, diffuses from capillaries into alveoli 
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@ Oxygen diffuses into the 
arterial ends of pulmonary 
capillaries, and CO, 
diffuses into the alveoli 
because of differences 
in partial pressures. 


@ As a result of diffusion 
at the venous ends of 
pulmonary capillaries, the 
Po; in the blood is equal 
to the Po; in the alveoli, 
and the Pco; in the 
blood is equal to the 
Pco; in the alveoli. 


© The Po, of blood in 
the pulmonary veins 
is less than in the 
pulmonary capillaries 
because of mixing with 
deoxygenated blood from 
veins draining the bronchi 
and bronchioles. 


(4) Oxygen diffuses out of the 
arterial ends of tissue 
capillaries, and CO, 
diffuses out of the tissue 
because of differences in 
partial pressures. 


@ As a result of diffusion at 
the venous ends of tissue 
capillaries, the Po, in the 
blood is equal to the Po, 
in the tissue, and the Pco, 
in the blood is equal to the 
Pco; in the tissue. 

Go back to step 7. 


Inspired air Expired air 
Po, = 160 Po; = 120 
Pco, = 0.3 \ 4 Pco,=27 


or 


Pulmonary capillary 


Blood in 
pulmonary veins 


Tissue capillary 


Interstitial 
fluid 


Po: =40 Pco,=45 Po: < 40 Pco,=45 
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Diffusion of Gases in Tissues 


« Blood flow from lungs through left side of 
heart to tissue capillaries 

e Oxygen diffuses from capillaries into 
interstitial fluid because P,» in interstitial 
fluid is lower than capillary 

e Oxygen diffuses from interstitial fluid into 
cells (P..) is less 
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(1) In the tissues, carbon dioxide (CO3) 
diffuses into the plasma and into red blood 
cells. Some of the carbon dioxide remains 
in the plasma. 


(2) In red blood cells, carbon dioxide reacts 
with water (H,O) to form carbonic acid 
(H,CO;) in a reaction catalyzed by the 
enzyme carbonic anhydrase (CA). 


© Carbonic acid dissociates to form 
bicarbonate ions (HCO 3” ) and hydrogen 
ions (H*). 


(4) In the chloride shift, an antiporter allows 
HCO; to diffuse out of the red blood cells 
and chloride ions (CI”) to diffuse into them, 
which maintains their electrical neutrality. 


(5) Oxygen (Oz) is released from hemoglobin 
(Hb). Oxygen diffuses out of red blood cells 
and plasma into the tissue. 


(6) Hydrogen ions combine with hemoglobin, 
which promotes the release of oxygen from 
hemoglobin (Bohr effect). 


@ Carbon dioxide combines with hemoglobin. 
Hemoglobin that has released oxygen 
readily combines with carbon dioxide 
(Haldane effect). 


(a) Gas exchange in the tissues 


(1) In the lungs, carbon dioxide (CO3) Alveolus 


diffuses from red blood cells and 
plasma into the alveoli. 


(2) Carbonic anhydrase catalyzes the 
formation of CO, and H20 from H,CO;. 


© Bicarbonate ions and H+ combine to 
replace HCO}. 


(4) In the chloride shift, an antiporter allows 
HCO; to diffuse into the red blood cells 
and chloride ions (CI”) to diffuse out of 
them, which maintains their electrical 
neutrality. 


(5) Oxygen diffuses into the plasma and into 
red blood cells. Some of the oxygen 
remains in the plasma. Oxygen binds to 
hemoglobin. 


(6) Hydrogen ions are released from 
hemoglobin, which promotes the uptake 
of oxygen by hemoglobin (Bohr effect). 


@ Carbon dioxide is released from 
hemoglobin. Hemoglobin that is bound to 
oxygen readily releases carbon dioxide 
(Haldane effect). 


(b) Gas exchange in the lungs 
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Carbon Dioxide Transport and Blood pH 


CO, diffuses from cells into capillaries 


CO, enters blood and is transported in 
plasma, comb. with blood proteins, 
bicarbonate ions 

CO, reacts with water to form carbonic acid 
when forms Ht + bicarbonate ions 

Carbonic anhydrase (RBC) increases rate of 
CO, reacting with water 


CO, levels increase blood pH decreases 


Rhythmic Ventilation 


e Normal respiration rate is 12-20 resp. per 
minute (adults) 


e Controlled by neurons in medulla oblongata 


e Rate is determined by number of times 
resp. muscles are stimulated 
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Pons 


Pontine respiratory 
group 


Dorsal 

respiratory group | Medullary 
respiratory 

Ventral center 

respiratory group 


Medulla oblongata 


Medial view 


Spinal cord 


Phrenic Intercostal 


nerves 


Internal intercostal muscles 
(involved in expiration) 


External intercostal muscles 
(involved in inspiration) 


Diaphragm 
(involved in inspiration) 


Anterior view 
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Nervous Control of Breathing 


e Higher brain centers allow voluntary 
breathing 


s Emotions and speech affect breathing 


s Hering-Breuer Reflex: 


inhibits respiratory center when lungs are 
stretched during inspiration 


Neural Control of Breathing 


Medulla 
oblongata 
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(a) Higher centers of 
the brain (speech, 
emotions, voluntary 
control of breathing, 
and action potentials 
in motor pathways) 

AARTS » 


(b) Medullary (chemosensitive 
area) chemoreceptors 


vpH, ACO, 
Carotid 
(c) Carotid and body 
aortic body x 
chemoreceptors Aortic 
YpH, ACO,, YO, body 


Input to respiratory 
centers in the 
medulla oblongata 
and pons modifies 
respiration. 


(d) Hering-Breuer reflex 
(stretch receptors 
in lungs) 


(e) Proprioceptors f 
in muscles 
and joints 


(f) Receptors for 
touch, temperature, 
and pain stimuli 


Brainstem 
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Chemical Control of Breathing 


Chemoreceptors in medulla oblongata 
respond to changes in blood pH 

Blood pH are produced by changes in blood 
CO, levels 

An increase in CO, causes decreased pH, 
result is increased breathing 

Low blood levels of O, stimulate 
chemoreceptors in carotid and aortic 
bodies, increased breathing 


Blood pH 
(normal range) 
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Blood pH 
(normal range) 


Medullary chemoreceptors detect a 
decrease in blood pH (often caused 
by an increase in blood CO,), 
causing an increase in breathing. 
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